Pseudoangiomatous stromal hyperplasia tumors are rare. In this retrospective study, we evaluated the clinical, radiologic, and pathologic features of pseudoangiomatous stromal hyperplasia tumors and compared histologic findings of pseudoangiomatous stromal hyperplasia tumors with clinical outcome. We identified 26 patients (mean age, 47 years) with pseudoangiomatous stromal hyperplasia tumors who had been diagnosed at our institution. Sixteen patients (62%) were premenopausal, and 13 (50%) had a history of oral contraceptive or hormone replacement therapy use. Ten patients (38%) presented with a palpable mass; in the other patients, the tumors were detected by mammography (where it usually appeared as a hyperdense mass with irregular margins) or sonography (where it usually appeared as a hypoechoic mass). Lesions were a mean of 4.2 cm at the largest dimension (range, 0.8-11 cm). Histologically, pseudoangiomatous stromal hyperplasia was classified as simple in 18 patients (69%) and fascicular/proliferative in eight patients (31%). In one patient (4%), an invasive ductal carcinoma was present within the pseudoangiomatous stromal hyperplasia tumor. We found associated benign epithelial lesions in eight patients (31%) and/or gynecomastia-like changes in 17 patients (65%). The presence of gynecomastia-like changes was significantly associated with intralobular location of pseudoangiomatous stromal hyperplasia (P ¼ 0.00085, by Fisher's exact test). Follow-up data were available for 15 patients (mean±s.d., r27±17 months). No additional pathology or substantial changes in existing lesions were found on imaging. All pseudoangiomatous stromal hyperplasia tumors diagnosed by core needle biopsy but not subsequently excised remained clinically and radiologically stable; therefore, offering the option of close clinical surveillance instead of surgery in patients with pseudoangiomatous stromal hyperplasia tumors diagnosed by core needle biopsy in selected patients.
Pseudoangiomatous stromal hyperplasia is a benign proliferation of breast stromal cells. The condition was first described in 1986 by Vuitch et al, 1 who identified it in nine patients with nodular mass lesions that morphologically simulated vascular proliferative lesions.
Pseudoangiomatous stromal hyperplasia is a relatively common incidental finding in breast tissue specimens from men and women, mostly appearing as scattered foci in association with benign breast lesions. [2] [3] [4] [5] However, palpable masses and radiologically detected lesions consisting predominantly of pseudoangiomatous stromal hyperplasia cells are rare; the largest series reported in the medical literature includes 40 cases. 6 The imaging findings of pseudoangiomatous stromal hyperplasia tumors have been reported only in small case series. [7] [8] [9] [10] Because of the rarity of pseudoangiomatous stromal hyperplasia tumors and uncertainty about their clinical behavior, surgical excision has been the recommended treatment. 1, 3, 6 Recently, most cases are initially diagnosed by image-guided core needle biopsy, which allows the option of close clinical and radiologic surveillance instead of surgical excision. No studies have yet evaluated the long-term clinical outcome of patients with pseudoangiomatous stromal hyperplasia tumors who undergo surveillance instead of surgical excision.
The aim of this study was to review the clinical, radiologic, and histologic features of pseudoangiomatous stromal hyperplasia tumors and to compare the histologic findings in these tumors with the clinical outcome. We also identified what is, to our knowledge, the first case of invasive ductal carcinoma localized to a pseudoangiomatous stromal hyperplasia tumor.
Patients and methods
In this retrospective study, after approval by the institutional review board of Hematoxylin and eosin-stained sections of all pseudoangiomatous stromal hyperplasia tumors were reviewed and classified, as described elsewhere, 3, 6 as simple (open, slit-like anastomosing channels without erythrocytes, lined by a discontinuous layer of flat cells without atypia) or fascicular/ proliferative (cellular proliferation areas composed of bland spindle cells without atypia). We evaluated all pseudoangiomatous stromal hyperplasia tumors for cytologic atypia within stromal cells and noted the pseudoangiomatous stromal hyperplasia location (intralobular stroma, perilobular stroma, or both) and associated epithelial findings (eg, fibrocystic changes, ductal hyperplasia without atypia, adenosis, apocrine metaplasia, fibroadenomatoid changes, gynecomastia-like changes, epithelial atypia, or carcinoma). Gynecomastia-like changes were defined as epithelial ductal change/hyperplasia of predominantly flat and micropapillary types, composed of both epithelial and myoepithelial cell proliferation surrounded by dense fibrotic periductal stroma, frequent periductal edema and a mildto-moderate degree of periductal lymphocytic infiltrate. A lack of breast lobule formation is frequently noted in association with gynecomastialike changes.
Statistical analyses were performed using Fisher's exact test, and a P-value of o0.05 considered statistically significant.
Results

Clinical and Radiologic Findings
We found 136 patients with pathologic diagnosis of pseudoangiomatous stromal hyperplasia in the database; 26 of these patients had underlying palpable or radiologically detected tumors and were thus eligible for this study. All 26 patients were women aged 19-70 years (mean, 47 years; median, 50 years). Sixteen patients (62%) were premenopausal, and nine (35%) were postmenopausal; information was not available in one case. Thirteen patients (50%) had used oral contraceptives, and six postmenopausal patients (23%) had used hormone replacement therapy. One patient had used both. The mean durations of oral contraceptive and hormone replacement therapy use were 10 years (median, 9 years) and 13 years (median, 12 years), respectively.
Clinical history of prior or concurrent breast cancer was observed in two patients. One patient had been diagnosed with invasive medullary carcinoma of the contralateral breast 6 years before the study began; this had been treated by surgical excision, radiation therapy, and chemotherapy. We found an ipsilateral concomitant invasive ductal carcinoma in one other patient; carcinoma was a solid irregular hypoechoic mass that measured 1.4 cm at its largest dimension and was 2.0 cm away from the pseudoangiomatous stromal hyperplasia tumor; the pseudoangiomatous stromal hyperplasia tumor had been detected during imaging of a mass and was suspected of being a satellite cancer nodule. Moreover, in one patient, invasive ductal carcinoma was localized within pseudoangiomatous hyperplasia tumor itself (see the case report on this patient below). In two additional patients, pseudoangiomatous stromal hyperplasia tumors were found in the axillary tail of breast; the tumors were palpable and simulated lymphadenopathy, measuring 1.5 and 6.0 cm.
Ten patients (38%) had a history of a palpable lesion. In 12 patients (46%), the lesion had been detected radiologically, and no information on lesion palpability was available for four patients.
The radiologic findings are shown in Table 1 . Twenty-one patients (81%) had undergone both mammography and sonography. Masses had been identified by mammography in 18 patients (69%), sonography in 20 patients (77%), and both modalities in 12 patients (46%). As measured by sonography, lesions were 0.8-11.0 cm at the largest dimension (mean ± s.d., 4.2 ± 4.3 cm).
Histologic Findings
Masses had been diagnosed as pseudoangiomatous stromal hyperplasia tumors by ultrasound-guided core needle biopsy in 14 cases (54%), stereotactic core needle biopsy in seven cases (27%), and initial surgical excision in five cases (19%). The histologic appearance of example of pseudoangiomatous stromal hyperplasia tumors are depicted in Figures 1  and 2 , and the histologic findings are summarized in Table 2 .
The pseudoangiomatous stromal hyperplasia tumors were classified as simple in 18 cases (69%) and fascicular/proliferative in eight cases (31%). No cytologic atypia was found in stromal cells. In five of the 17 patients (29%) with gynecomastia-like changes, the changes had originally been reported as columnar cell changes. There was a statistically significant association between the pseudoangiomatous stromal hyperplasia location in the intralobular stroma and the presence of gynecomastia-like changes (P ¼ 0.00085).
Case Report of Invasive Carcinoma within Pseudoangiomatous Stromal Hyperplasia Tumor
In one patient, the sonography revealed a solid asymmetric density measuring 4.0 cm. in greatest dimension with a 1.4 cm hypoechoic area within this lesion that was suspicious for malignancy on imaging. Core needle biopsy specimen of suspicious hypoechoic irregular area revealed invasive ductal carcinoma, however no obvious changes of pseudoangiomatous stromal hyperplasia were noted (Figure 3, inset) . Only upon examination of the entire lesion on excisional specimen, it became obvious that invasive carcinoma (0.9 cm in greatest dimension) was entirely confined to and occupied approximately up to one-third of the underlying pseudoangiomatous stromal hyperplasia tumor that was grossly well demarcated and measured 4.0 cm in greatest dimension (Figure 3 ).
Follow-up Data
Clinical or radiologic follow-up data were available for 15 patients (mean follow-up duration±s.d., 27 ± 17 months) ( Table 3 ). One patient who had been diagnosed by core needle biopsy later Pseudoangiomatous stromal hyperplasia tumor M Ferreira et al underwent excision because the lesion had grown from 3.5 to 4.8 cm at its largest dimension in 27 months. Upon excision, pseudoangiomatous stromal hyperplasia tumor was evident but no additional pathology was found in this patient. No clinical or radiologic evidence of a recurrence of pseudoangiomatous stromal hyperplasia tumor or carcinoma was found in the patient with carcinoma within pseudoangiomatous stromal hyperplasia tumor after a follow-up period of 39 months. One patient with concomitant carcinoma diagnosed 2.0 cm apart of pseudoangiomatous stromal hyperplasia tumor is presently undergoing neo-adjuvant chemotherapy and have not yet underwent surgical excision. No interval changes within area corresponding to pseudoangiomatous stromal hyperplasia tumor by imaging were noted during therapy. In remaining patients with core needle biopsy and no excision, the pseudoangiomatous stromal hyperplasia tumor remained clinically and radiologically stable.
Discussion
In our series, a higher proportion of pseudoangiomatous stromal hyperplasia tumors was diagnosed in premenopausal women (62%) than in postmenopausal women and was associated with hormone therapy use. The stromal cells in pseudoangiomatous stromal hyperplasia lesions have been found to be progesterone receptor positive, 11 and similarities have been found between pseudoangiomatous stromal hyperplasia and features of intralobular stroma during the luteal phase of the menstrual cycle; 12 these findings support the hypothesis that pseudoangiomatous stromal hyperplasia is a hormone-related proliferation of intralobular stromal cells.
1-3,6,11 We did not evaluate hormone receptors in pseudoangiomatous stromal hyperplasia tumors in our series, except one instance of pseudoangiomatous stromal hyperplasia tumor with concomitant invasive carcinoma, where we noticed a strong positivity of stromal cells of pseudoangiomatous stromal hyperplasia for progesterone receptor.
Most pseudoangiomatous stromal hyperplasia tumors mimic fibroadenomas or hamartomas on imaging and they are often described as welldefined masses on mammography [8] [9] [10] and wellcircumscribed hypoechoic lesions on sonography. [7] [8] [9] [10] Most tumors in our study had been identified as hypoechoic lesions on sonography (70%). Contrary to the findings of other published reports, indistinct margins were visible on mammography or sonography in 56% of our cases. However, most lesions in our study were still categorized as benign based on combined clinical impression and radiologic findings. In three patients, malignancy was suspected on imaging, mainly because of the irregular margin and the ill-defined or spiculated nature of the lesion, leading to recommendation for surgical excision. Radiologists and clinicians should be aware that no distinct radiologic characteristics have been found for pseudoangiomatous stromal hyperplasia tumors. In rare cases, pseudoangiomatous stromal hyperplasia could be radiologically indistinguishable from carcinoma and may be classified as indeterminate or suspicious for malignancy on imaging, typically leading to excision despite benign morphologic characteristics on core needle biopsy. A similar observation was reported in another pseudoangiomatous stromal hyperplasia case. 8 To our knowledge, we first report the occurrence of invasive carcinoma arising in a background of pseudoangiomatous stromal hyperplasia tumor. a Includes ductal hyperplasia without atypia, adenosis, apocrine metaplasia, cystic changes, and fibroadenomatoid changes. Figure 3 Invasive ductal carcinoma (short arrows) partially involves pseudoangiomatous stromal hyperplasia tumor (long arrow) (hematoxylin and eosin stain, original magnification Â 40). Pseudoangiomatous stromal hyperplasia changes in stroma of invasive tumor on core needle biopsy specimen were not so conspicuous (inset), and final diagnosis of underlying pseudoangiomatous stromal hyperplasia tumor was made only upon excision (hematoxylin and eosin stain, original magnification Â 100).
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In our study, gynecomastia-like changes were strongly associated with pseudoangiomatous stromal hyperplasia tumors. Gynecomastia-like changes have been reported to be rare in women, 13, 14 and to our knowledge, they have not been reported in pseudoangiomatous stromal hyperplasia tumors, mainly because no other studies have focused on describing epithelial changes in the terminal ductal-lobular units of pseudoangiomatous stromal hyperplasia tumors. Pseudoangiomatous stromal hyperplasia changes have been reported in association with gynecomastia in men (23.8 and 47.4% of cases).
5,15 Therefore, we were not surprised to find this association in women. The statistically significant association between intralobular pseudoangiomatous stromal hyperplasia and the presence of gynecomastia-like changes suggest that intralobular stromal cells could impair normal ductal-lobular unit development, probably by restricting perilobular space by pseudoangiomatous stromal hyperplasia proliferation. Hyperplastic changes in the epithelial and myoepithelial cells of terminal ducts in gynecomastia-like changes are sometimes prominent, and hyperplasia could mimic columnar cell changes. 16 In our study, in five of the 17 patients with gynecomastia-like changes, the changes were originally misdiagnosed as columnar cell changes. Hyperplasia in gynecomastia-like changes could show prominent nuclear overlapping, nuclear hyperchromasia, and nucleoli and infrequent mitoses, and could be incorrectly classified as 'flat epithelial atypia'. However, in gynecomastia-like changes, the myoepithelial cells are hyperplastic; while in columnar cell changes these are typically normal appearing or flat. The incorrect diagnosis of gynecomastia-like changes as 'flat epithelial atypia' could lead to unnecessary surgery: the presently accepted treatment for 'flat epithelial atypia' is excision of the entire lesion because these lesions are associated with more advanced tumor types in approximately one-third of cases. 15 To our knowledge, we report the first case of invasive ductal carcinoma localized in a pseudoangiomatous stromal hyperplasia tumor. An asymmetric dense mass was visible that was suspicious for malignancy, and the subsequent core needle biopsy confirmed the diagnosis. This case may represent an incidental association of a common neoplasm with a rare breast lesion, similar to cases of carcinoma occurring in more frequent fibroadenomas.
Recently, Pruthi et al 17 reported the successful treatment of a patient with extensive bilateral pseudoangiomatous stromal hyperplasia tumors with tamoxifen, but further studies are needed to substantiate this as a treatment option. Reported rates of recurrence after excision have been highly variable, ranging from 0 to 28.5%. 7, 9 Rates of lesion growth, as demonstrated by consecutive imaging, have been reported to be 0-71.4%. 1, 9 In one patient in our study, the lesion grew during the 27-month follow-up period, prompting a subsequent surgical resection. No disease recurrence was reported in the 10 patients who had undergone initial surgical excision. Moreover, no further changes were found in the original lesions in patients who had undergone core needle biopsy but not excision. This observation indicates that pseudoangiomatous stromal hyperplasia tumors could be clinically or radiologically monitored instead of surgically excised in selected cases. If changes in the tumor are found on subsequent imaging studies, re-biopsy or surgical excision is an option. 8 Surgical excision is indicated for tumors with a suspicious radiologic or clinical appearance, as occurred in four of our cases, to rule out underlying malignancy. The occurrence of an invasive ductal carcinoma in one case of pseudoangiomatous stromal hyperplasia tumor, although probably incidental, highlights the fact that the management of patients with pseudoangiomatous stromal hyperplasia tumors requires careful clinical and radiologic correlation and frequent discussion among the radiologist who performs the biopsy, the pathologist, and the clinician. 8 In summary, a higher proportion of pseudoangiomatous stromal hyperplasia tumors was diagnosed in premenopausal women than in postmenopausal women and most cases were associated with hormonal therapy use. Gynecomastia-like changes were frequently found in pseudoangiomatous stromal hyperplasia tumors, and the presence of these changes was strongly associated with intralobular pseudoangiomatous stromal hyperplasia. All but one of the core needle biopsy-diagnosed pseudoangiomatous stromal hyperplasia tumors that were not subsequently excised remained clinically and radiologically stable; thus, close clinical surveillance may be an alternative option to surgery in selected patients after a benign pathology and benign imaging studies.
